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DETAILED DESCRIPTION (Aoftai ( IA pClc> 

[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the manufacture method of the lactone polymer using a 
specific compound catalyst. It is related with the manufacture method for obtaining a lactone polymer 
promptly for a short time by using in more detail the compound catalyst which consists of an organic 
metal and a Lewis base. 

[0002] The lactone polymer is widely used in many fields on industry by the difference in the average 
molecular weight, functional group, etc. For example, the molecular weight which made the glycol the 
initiator The lactone polymer of 500-5000 is very useful as raw materials, such as polyurethane 
coating, and the lactone polymer which has a radical polymerization nature double bond is used as an 
acrylic coating material in fields, such as an automobile and home electronics. The lactone polymer to 
which molecular weight exceeds 10,000 has a practical mechanical strength, and is used for a plastic- 
molding article, film hot melt adhesive, etc. 
[0003] 

[Description of the Prior Art] Although many catalysts used in order to obtain a lactone polymer are 
known as a typical thing - an alkali-metal system compound (Japanese Patent Publication No. 40- 
26557 -) U. S.Patent 3,021,314, an alkaline-earth-metal compound (U. S.Patent 3,021,310; 
3,021,31 1), A titanium system compound, tin system compounds (Japanese Patent Publication No. 
41- 19559; Japanese Patent Publication No. 64 -1491), etc., such as an aluminum system compound 
(Japanese Patent Publication No. 43-2473), an inorganic acid (Japanese Patent Publication No. 35- 
497), and tetrabuthyl titanate, are mentioned. In these, when each of alkali-metal system compounds, 
alkaline-earth-metal compounds, aluminum system compounds, etc. contacts oxygen and moisture, a 
problem is in stability, such as igniting immediately or decomposing, and the safety on handling. 
Moreover, the amount of catalysts used in order to obtain a lactone polymer comparatively many often 
has bad influence on a hue or thermal stability. 

[0004] In an inorganic acid, a lactone rate of polymerization is slow and there is a problem from which 
the lactone polymer of a macromoiecule is not obtained further. On the other hand, it is easy to deal 
with metallic compounds, such as tin compounds, such as titanium system compounds, such as 
tetrabuthyl titanate, dibutyitin laurate, a dibutyltin oxide, and tin pctylate, and chromium molybdenum, a 
tungsten, antimony, a zirconium, and a lanthanoids, and has sufficient solubility to the lactone 
monomer, and toxicity does not become a problem, either. 
[0005] 

[Problem(s) to be Solved by the Invention] However, when only these metallic compounds were made 
into a catalyst, it was seen frequently that the hue or thermal stability of the lactone polymer from 
which the rate of polymerization of lactone was obtained further comparatively late cannot fully be 
satisfied, that it is inapplicable to an industrial use since molecular weight distribution are too large, 
etc. 
[0006] 

[Means for Solving the Problem] As a result of inquiring wholeheartedly that the above-mentioned 
technical problem should be solved, when this invention persons manufactured a lactone polymer and 
the compound catalyst which consists of specific metallic compounds and a specific ligand was used, 
they find out that the lactone polymer which was promptly [ very ] excellent in a hue or thermal stability 
in the rate of polymerization is stabilized, and is obtained, and came to complete this invention. 
[0007] That is, this invention offers the manufacture method of the lactone polymer characterized by 
using the compound catalyst which consists of metallic compounds and ligands, such as a tin 
compound. 

[0008] As metallic compounds in this invention, an organometallic compound, a metal halogenide, a 
metallic oxide, a metal hydroxide, etc. can be illustrated. 

[0009] Especially as a metallic element, although not limited, they are MIA in a periodic table, IVA, VIA, 
and IV. The metallic element belonging to a group is desirable, tin, titanium, molybdenum, a tungsten, 
a lanthanoids, etc. are the most desirable in it, and many compounds can be illustrated especially in 
tin. 

[0010] the tin compound in this invention - a formula [1], [2], and [3] 
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Y 1 -Sn — Y 2 & [1] 

Y 1 \ , Y 2 

Sn 5£[2] 

Y 1 -Sn — Y 2 5£ [3] 

O 
II 

((^^Y 1 , Y 2 , Y 3 4s£tfY 4 RO-, RCO-^^ADy 



It is chosen from N as arbitration and» chosen from hydrogen, an alkyl group, and an aryl group as 
arbitration shows R. 

[001 1] Formula [1] Y1 -Y4 of - [3] An altogether different substituent is sufficient also as the same 
substituent, and the tin compound of formula [1] - [3] is used with independent or two or more sorts of 
mixture. As R- in formula [1] - [3], they are hydrogen and a carbon number. The alkyl group and 
carbon number of 1 -20 It is chosen from the aryl group of 6-30 as arbitration. 

[0012] Specifically Hydrogen, a methyl group, an ethyl group, n-propyl group, and an iso-propyl group, 
n-butyl, an iso-butyl, a sec-butyl, a tert-butyl, A n-pentyl machine, a neopentyl machine, n-hexyl 
machine, and n-PEPUCHIRU machine, A n-octyl machine, n-nonyl machine, n-denier machine, and n- 
DODENIRU machine, A n-UNDENIRU machine, a cyclopentylic group, a cyclohexyl machine, a 
benzyl, A cyclohexyl methyl group, a methoxymethyl machine, a methoxy ethyl group, An ethoxy ethyl 
group, a butoxy methyl group, a phenyl group, a biphenyl machine. An ester machine or an 
ARUKENIRU machine with the carboxyl group, an alkylene machine, and a phenyl group are 
mentioned in the molecule introduced from dibasic acids, such as an alkyl group substitution phenyl 
group and a succinic acid, a maleic acid, and a phthalic acid. 

[0013] As a halogen in formula [1] - [3], although chlorine, a bromine, a fluorine, and iodine are 
mentioned, chlorine is the most common. 

[0014] As the tin compound belonging to a formula [1] being concrete, a dibutyltin oxide, a dimethyl tin 
oxide, monobutyl tin oxide hydroxide, monomethyl tin oxide hydroxide, monobutyl tin oxide chloride, a 
monobutyl tin oxide methbxide^a dioctyl acid tin oxide, MONOOKUCHIRU SUZUOKISHIDO 
hydroxide, a monobutyl monochrome octylic acid tin oxide, a monobutyl monochrome acetic-acid tin 
oxide, a monobutyl monochrome oenanthic-acid tin oxide, etc. are mentioned. 
[0015] As the tin compound belonging to a formula [2] being concrete Dibutyltin dichloride, dimethyl 
SUZUSHI chloride, the 2nd tin of chlorination, a jib - CHIRUJI (monobutyl maleic acid) tin and a jib -- 
CHIRUJI (monomethyl maleic acid) tin - JIMECHIRUJi (monobutyl maleic acid) tin and a jib - 
CHIRUJI (monobutyl succinic acid) tin - Dibutyl dioctyl acid tin, monobutyl tributyl acid tin, 
monochrome BUCHIRUTORI acetic-acid tin, tributyltin chloride, dibutyl methacrylic acid tin, Jl 
(monobutyl maleic acid) dichloride, dioctyl acid tin dichloride, a trioctyl acid chloride, etc. are 
mentioned. 

[0016] as the tin compound belonging to a formula [3] being concrete - dioctyl acid tin, dilauryl acid 
tin, the 1st tin of chlorination, and bromination - the 1st tin, the 1st tin of iodation, monobutyl tin 
chloride, etc. are mentioned In the tin compound of this invention, although formula [1] - [3] shows the 
structure of a monomer tin compound, even if the dimer tin compound or the polymer tin compound 
contains it, it is independently satisfactory. 

[001 7] As metallic compounds other than the tin in this invention being concrete, many a tetrapod n- 
butyl titanate, tetrapod n-propyl titanate, tetrapod ethanol titanate, a JISHUU acid dianmonium titanium 
oxide, a hexa fluoride CHITANJI potassium, hexa fluoride [ titanium ] dianmonium, Jl acetic-acid 
molybdenum dioxide, molybdenum acetylacetonato, tungstophosphoric acids, Jl acetic-acid zirconium 
oxides, Jl acetic-acid lanthanum oxides, etc. are mentioned. 

[0018] The ligand in this invention is the compound Which supplies metallic compounds with an 
electron pair (lone pair), and can form the compound catalyst by coordinate bond. It is a periodic table 
although especially limitation is not received. VB and VIB The compound which consists of elements 



which belong is common. 

[0019] An example is given below. As a nitrogen system^gjjn^^ a 
pyridine, A triethylamine, diazabicycloundecen, an azobfeiM^utyrohHrflV As a triethylenecjjamine, 2, a 
2'-bipyridine, N and N, N\ an NMetramethylethylenediamine, and a Lynn system ligand A trimethyl 
phosphine, tributyl phosphine, triphenyl phosphine, A trimethoxy phosphine, a triphenoxy phosphine, 
triphenyl phosphine oxide, Trimethyl phosphine oxide, a TORI (dimethylamino) phosphine, 
hexamethyfphosphoric triamide, BINAP, DIOP, and CHIRAPHOS etc. - as the dissymmetry Lynn 
ligand omitted and an oxygen system ligand A carbon monoxide, an acetone, an acetylacetone, a 
benzoquinone, a crown ether, In addition, cyclopentadienyl, cyclo-octadiene, benzene, 
pentamethylcyclopentadienyl, TORIFENIRUHI - base and TORIFENIRUHI base - an oxide and 
TORIBUCHIRUHI - base, triphenyl antimony, a triphenyl antimony oxide, a diphenyl sulfide, diphenyl 
suloxide, a diphenyl selenium, diphenyl diselenide, etc. are mentioned 

[0020] The coordination number of the ligand to metallic compounds and especially the method of 
configurating a ligand in metallic compounds and manufacturing a compound catalyst are not limited. 
In the mole ratio of metallic compounds and a ligand, the range of 1:0.1-1:8 is usually desirable, and it 
is desirable to set up and use for a mole ratio with the strongest activity. 

[0021] In the method of manufacturing a compound catalyst, it is possible to choose manufacture 
conditions, such as various temperature, a pressure, gas atmosphere, the addition method, and 
addition sequence, from the property of the ligand of metallic compounds. For example, when using 
monobutyl tin oxide hydroxide and triphenyl phosphine oxide, this invention can be attained only by 
dissolving mol mixture, such as each, in a lactone monomer at a room temperature. 
[0022] In the compound catalyst which consists of the metallic compounds and the ligand in this 
invention, each can be used for points, such as stability, solubility over a lactone monomer, and low 
toxicity, as independent or two or more sorts of mixture in consideration of thfe activity of a compound 
catalyst satisfactory. 

[0023J The lactone polymer in this invention is mixture which contains sets of the compound generated 
when one or more molecules of a lactone monomer carry out a ring breakage addition reaction, or 
these compounds 50% of the weight or more. The monomer which has the radical polymerization 
nature double bond generated by the ring breakage addition reaction of oligomer and polymer, such 
as a ** tone liquid, a wax-like solid-state, and plastics, and hydroxyethyl methacrylate which 
specifically carried out the ring breakage addition polymerization of the lactone monomer by making 
the polymer containing a hydroxyl group etc. into an initiator into polyhydric alcohol or the molecule, 
and a lactone monomer is mentioned. 

[0024] As a lactone monomer here, it is an alkoxy derivative at the alkyl derivative row of delta- 
valerolactone, epsilon-caprolactone, ENANTO lactone (7-hydroxy oenanthic-acid lactone), 8-hydroxy 
octanoic-acid lactone, 12-hydroxy dodecanoic acid lactone, 13-hydroxy tridecane acid lactone, 14- 
hydroxy tetradecanoic acid lactone, 15-hydroxy pentadecane acid lactone, and these lactone. Further 
3-ethyl-2-keto -1, 4-dioxane, 1, 4-dioxane-2-ON, 3-propyl-2-keto -Dioxanes, such as 1 and 4-dioxane, 
are applied. These lactone monomers are used as independent or two or more sorts of mixture. 
[0025] It is largest epsilon-caprolactone and largest methylation epsilon-caprolactone, delta- 
valerolactone, and 3-ethyl-2-keto in these lactone monomers. -1 and 4-dioxane etc. is used preferably. 
[ of practical value ] 

[0026] The initiator which has active hydrogen is the compound and polymer which have a hydroxyl 
group, the amino group, a thiol group, a carboxyl group, etc. in a molecule. The alcohol which has 
functional groups, such as polyhydric alcohol, such as water, a glycol, triol, and all [ a tetrapod ], and a 
radical polymerization nature double bond The polymer containing a hydroxyl group etc. is mentioned 
in amines and a molecule, specif ically Water, Ethylene glycol, a diethylene glycol, 1, 4-butanediol, 1, 
6-hexamethylene diol, a glycerol, a pentaerythritol, Methoxy ethanol, monoacetyl ethylene glycol, 2-' 
hydroxyethyl methacrylate, 2-hydroxyethyl acrylate, 2-amino ethanol, a 6-hydroxy hexanoic acid, Ally! 
alcohol, a 4-hydroxy butyl vinyl ether, 2-hydroxy ethyl vinyl ether, Copolymerization or the graft-ized 
polymer is mentioned in a polyethylene oxide, a polypropylene oxide, a polytetramethylene glycol, the 
epoxy resin containing a hydroxyl group, the polybutadiene containing a hydroxyl group, and 2- 
hydroxyethyl methacrylate. 

[0027] On the bottom of existence of the initiator which has active hydrogen although not limited 
especially as the manufacture method of the lactone polymer in this invention, and a general target 80 
to 230 degree C, it is the temperature of 100 to 180 degree C preferably, and 0.1 - 1000 ppm and the 
method of carrying out 1-100 ppm addition preferably, and carrying out the ring-opening- 
polymerization (addition) reaction of the lactone monomer are desirable in the compound catalyst 
which consists of metallic compounds and a ligand. 

[0028] Reaction temperature When less than 80 **, a reaction rate is slow, and when exceeding 230 
**, neither the coloring by oxidation reaction nor the produced decomposition reaction of a polymer 
generates and is desirable. The amount of compound catalysts 0.1 ppm Since the hue of the polymer 



produced when, and the reaction rate was slow and exceeded 1000 ppm, thermal stability, etc. get 
worse, it is not desirable. 

[0029] Moreover, by the method of manufacturing the lactone polymer of this invention, any 
polymerization methods, such as bulk polymerization, solution polymerization, and a suspension 
polymerization, are used satisfactory. As an organic solvent which can be used for solution 
polymerization, for a reaction, since the boiling point is comparatively high, aromatic hydrocarbons, 
such as toluene and a xylene, are desirable inactive. The anhydrous thing of a solvent is substantially 
desirable. 

[0030] Especially the form of the manufacturing installation in the method of manufacturing the lactone 
polymer of this invention does not receive a limit. For example, the usual agitated type reactor of a 
batch type, half-continuous system, and continuous system and a kneader type reactor can use it 
satisfactory. Moreover, the pressure in the system of reaction and especially gas atmosphere do not 
receive a limit, either. 0.01 Torr - 10 It is possible to react arbitrarily under the conditions of 
atmosphere, such as inert gas, such as atmospheric pressure and nitrogen, and air. 
[0031] In the method of manufacturing the lactone polymer of this invention, a limit is not received and 
the addition methods, such as metallic compounds, a ligand, a lactone monomer, an initiator, and 
various stabilizers, and especially addition sequence can also be reacted in arbitrary methods and 
sequence. 

[0032] Although an example explains this invention still in detail below, this invention is not limited to 
these examples. 
[0033] [Example] 

It is epsilon-caprolactone (moisture 0.005%) to the 11. flask equipped with example 1 agitator, the 
nitrogen introduction pipe, the thermometer, and the capacitor. It is monochrome BUCHIRUTORI 
acetic-acid tin as 500 g and metallic compounds. It is hexamethylphosphoric triamide as 0.02 g and a 
ligand. It is a diethylene glycol as 0.01 g and an initiator. While teaching 0.5g and wiping nitrogen It 
agitated at 160 degrees C. 

[0034] Rigid crystalline white polyester was obtained 4 hours after. The polystyrene conversion 
number average molecular weight by gel-permeation-chromatography measurement of this thing, a 
molecular-weight-distribution value (weight average molecular weight/number average molecular 
weight), and the rate of a polymerization (reaction) The time and the hue ( APHA value : JIS K 1557 of 
_ a solid-content 30 % xylene solution) which are taken to exceed 99 % were collectively indicated to 
Table 1. 

[0035] To the equipment of example 2 example 1 , and the same equipment, it is diazabicycloundecen 
as 1st tin of chlorination 0.03g, and a ligand as epsilon-caprolactone (moisture 0.005%) 400 g, delta- 
valerolactone (moisture 0.010%) 100 g, and metallic compounds. It is ethylene glycol as 0.024g and 
an initiator. While teaching 0.3g and wiping nitrogen It agitated at 160 degrees C. Very ****** polyester 
was obtained by 6 hours after transparence. 

[0036] It is epsilon-caprolactone (moisture 0.005%) to the equipment of example 3 example 1 , and the 
same equipment. It is tetrabuthyl titanate as 500 g and metallic compounds. It is triphenyl phosphine 
as 0.03 g and a ligand. It is ethylene glycol as 0.023g and an initiator. While teaching 16 g and wiping 
nitrogen It agitated at 140 degrees C. 
[0037] 7 hours after white- wax-like polyester was obtained. 

[0038] To the equipment of example 4 example 1, and the same equipment, it is epsilon-caprolactone 
(moisture 0.005%). It is a dibutyltin oxide as 500 g and metallic compounds. It is triphenyl phosphine 
oxide as 0.02 g and a ligand. It is a diethylene glycol as 0.022g and an initiator. While teaching 58 g 
and wiping nitrogen It agitated at 140 degrees C. 8 hours after white-wax-like polyester was obtained. 
Although obtained in the examples 2, 3, and 4, physical properties were measured like the example 1 , 
and the result was collectively indicated to Table 1 . 

[0039] Without adding the ligand used in the examples 1-4, respectively, except it, it was the 
respectively same blending ratio of coal as examples 1-4, and a lactone monomer, metallic 
compounds, and the initiator were taught to the equipment of one to example of comparison 4 
examples 1-4, and the same equipment, and the polymerization was carried out to them under the 
completely same conditions. Conversion Although it could reach the time taken to exceed 99 %, 
physical properties were measured like examples 1-4, the result was combined, and it indicated to 
Table 1 . Moreover, the relation of the reaction time and conversion in an example 1 and the example 1 
of comparison was shown in drawing 1 . 
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[0040] In addition, in examples 1-4, when reacted only by the ligand, a polymerization hardly 
advanced, without using metallic compounds. 

[0041] It is epsilon-caprolactone (moisture 0.005%) to the equipment of example 5 example 1 , and the 
same equipment 300 g, 2-hydroxyethyl methacrylate It is a monobutyl tin hydroxide oxide as 
hydroquinone monomethyl ether 3g and metallic compounds as 342g and a polymerization inhibitor. It 
is triphenyl phosphine oxide as 0.03 g and a ligand. While teaching 0.04 g and wiping air It agitated at 
100 degrees C. 

[0042] When the conversion of epsilon-caprolactone is measured with a gas chromatography, 
conversion in 8 hours It exceeded 99 %. this lactone denaturation 2-hydroxyethyl methacrylate APHA 
the place where the value (JIS K 1557) 10 and the hue were good at, and carried out copolymerization 
of other monomers to this - fitness - the acrylic polyol resin was obtained 

[0043] Without adding triphenyl phosphine oxide used for the equipment of example of comparison 5 
example 1, and the same equipment in the example 5, except it, it was the same blending ratio of coal 
as an example 5, and epsilon-caprolactone, 2-hydroxyethyl methacrylate, the hydroquinone 
monomethyl ether, and the monobutyl tin hydroxide oxide were taught, and it completely agitated 
under the same conditions. The conversion of epsilon-caprolactone this thing 15 hours was taken to 
exceed 99 %. This thing APHA As for the value (JIS K 1 557), coloring was seen 50 and a little. The 
relation of the reaction time and conversion in an example 5 and the example 5 of comparison was 
shown in drawing 2 . In addition, when it reacted only by triphenyl phosphine oxide without using the 
monobutyl tin hydroxide oxide in the example 5 of comparison, a reaction hardly advanced. 
[0044] 

[Effect of the Invention] In Table 1 , drawing 1 , and drawing 2 , as was shown, it became clearly by 
blending ligands, such as triphenyl phosphine oxide, with a tin compound etc. that it is effective in 
polymerization (ring breakage addition) speeding up [ of a lactone monomer ] remarkably. 
[0045] By furthermore adding a ligand, the hue of polyester and the other physical properties which 
were acquired improved. (Following margin) 

Table 1 Example, example of comparison, polymerization time, and physical-properties chart Metal 
Reaction Conversion Number average Molecular weight Hue * Compound Temperature 99% time 
Molecular weight Distribution (APHA) 

* (degree C) Example 1 A 160 4 11 6000 1.50 10 Example 2 B 160 6 102000 1.68 10 Example 3 C 140 

7 2000 1 .60 1 0 Example 4 D 1 40 8 1 000 1 .54 1 0 Example 1 of comparison A 1 60 8 1 1 1 000 1 .55 30 

Example 2 of comparison B160 10 980001.7230 Example 3 of comparison C 140 13 2000 1.75 50 

Example 4 of comparison D140 25 1000 1 .60 50 Notes (1) hue: NV30% The cable address of a 

KISHIRENDO-PU (2) use catalyst shows the following matter. 

[0046] (3) 99% time of conversion shows the time taken for **** to exceed 99%. 

[0047] 



A: CH3(CH2)3Sn(OCOCH3 )3B: SnCI2C: Ti[0(CH2 )3 CH3 ]4 

(4): The ligand of the following structure was used in examples 1 -4. 

CH 3 \ 

( N-, 3 -P=Q 

[0048] Example 1 : CHj / 

th e Exam ple 2:following chemical formula 1 [Formula 1] 




Example 3 :P Ph3 example 4:Q=PPh3 (following margin) 



CLAIMS 



(57) [Claim(s)] 

[Claim 1] The manufacture method of the lactone polymer characterized by using the 
compound catalyst which consists of metallic compounds and a ligand. 
[Claim 2] The manufacture method of a lactone polymer according to claim 1 that metallic 
compounds are tin compounds. 

[Claim 3] The manufacture method of the lactone polymer according to claim 1 using 
polyhydric alcohol as an initiator. 

[Claim 4] The manufacture method of the lactone polymer according to claim 1 using the 
polymer which has a hydroxyl group in a molecule as an initiator. 

[Claim 5] The manufacture method of the lactone polymer according to claim 1 using the 
alcohol which has a double bond in a molecule as an initiator. 



[Translation done.] 
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